Introduction {#Sec1}
============

The proportion of the elderly population in the countries of the Organization for Economic Co-operation and Development (OECD) will increase substantially in the coming years. Knowledge regarding the distribution of per capita health care costs between different age groups is essential in order to forecast future health care expenditures. In this study, we discuss the long-term development of health care expenditures. Even though the long-term developments for the entire population are discussed in detail in several papers \[[@CR1], [@CR2]\], the specific increase for different age groups is poorly covered. This is vital in order to understand the long-term developments in health care expenditures. In this paper, we will investigate the specific growth for different age groups.

When discussing trends in health care expenditures, two concepts are often brought up in the literature: *red herring hypothesis* and *steepening*. The *red herring hypothesis* states that health care expenditures are driven by time to death, not age per se \[[@CR3]\]. *Steepening* states that the growth in per capita health care expenditures for older people is higher than for the rest of the population \[[@CR4]\]. In this paper, we will focus on the latter, but clarify the relation between the terms. The aim of the clarification is threefold. First, in the literature \[[@CR4], [@CR5]\], the connection between *steepening* and the *red herring* is vaguely described, so a clarification will therefore contribute to the *steepening* literature. Second, a discussion of the link between the terms will contribute to further understanding of the concept of *steepening*. Third, several methodological issues discussed in the *red herring* debate also apply in the *steepening* debate, and hence bringing in the *red herring* literature will improve the *steepening* debate.

The aim of this paper is threefold. First, we measure changes in health care expenditures over time, in order to test if *steepening* may be rejected. Second, we present mechanisms that may induce *steepening*, as presented in the literature. Third, we attempt explain the connection between *red herring* and *steepening*.

When testing *steepening*, we apply a complete data set for inpatient hospital expenditures in Norway from 1998 to 2009. We use diagnostic related groups (DRG) weights to measure the hospital expenditures. Norway has a National Health Service similar to the one we find in other Scandinavian countries and the United Kingdom (UK). The hospitals are public and financed through general taxation \[[@CR6]\].

The contribution of this paper is that we elaborate on the link between *red herring* and *steepening* more than has previously been done in the literature \[[@CR4], [@CR5]\]. We also summarize the literature on mechanisms that may induce *steepening*. Furthermore, the estimation techniques previously presented in the literature are improved and the previous methods are replicated. The data set applied to test *steepening* is of high quality, with no self-selection over a long period of time.

The paper proceeds as follows: first, we present the terms *steepening* and *red herring* with the present literature, and discuss in detail what may induce *steepening*. Secondly, we explain the link between the two concepts. Thirdly, we test *steepening*. In the third part, we first present the data, then the methods and the results. Fourth, we present the conclusion and discussion.

Background {#Sec2}
==========

"If steepening \[occurs\]..., the future increase of health care costs will even be larger than in the predictions which keep expenditure profiles constant"\[[@CR4]\] p 582.

From the quote above, *steepening* may be seen as a contradiction to the more optimistic future scenarios described in the *red herring* debate \[[@CR2]\], which claim that future health care expenditures will be lower than previously expected, due to an increased length of life. However, as we will return to in the end of this section, both hypotheses may in fact hold at the same time. Before the link between the terms is explained in more detail, we will summarize the literature on the *steepening* and briefly mention the *red herring* literature.

Steepening {#Sec3}
----------

In 2006, a new term regarding health care expenditures and older people was introduced by Buchner and Wasem \[[@CR4]\] that suggested per capita health care expenditures would grow faster for the elderly than for younger people, i.e., a situation characterized by *steepening*. *Steepening* was defined as the increase in the ratio of per capita expenditures for older people (65+) divided by the younger (below 65), over time:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\overline{Y}_{a \in [65,106],t}$$\end{document}$ is the per capita expenditures for the elderly (aged above 65+) in year *t*.

Note that in their regression analysis they defined the young to be between 30 and 64, while the old were between 65 and 79 \[[@CR4]\]. To make the age limits more comparable with the other definition ([2](#Equ2){ref-type=""}) of *steepening* presented in this paper, we will use the age limits as presented in definition ([1](#Equ1){ref-type=""}) throughout this paper. Also note that Buchner and Wasem \[[@CR4]\] include other definitions of *steepening* that we will return to in the "[Methods](#Sec7){ref-type="sec"}" section.

Based on the same definition, but without using the term *steepening*, health data from OECD between 1984 and 1998 indicates *steepening* in several countries, among them the United States (US), Finland and Japan. However, this pattern is not found in the UK \[[@CR7]\], where a decline in the expenditures for the elderly compared to the rest of the population is observed. There are also other studies that suggest health care expenditures grow faster for the elderly than the rest of the population \[[@CR8]--[@CR11]\]. There are, however, methodological issues connected to the simple method (definition) used in these papers, which we will discuss in more detail later. Some of the methodological issues are solved by Felder and Werblow \[[@CR5]\], who defined *steepening* as a positive cross derivative of per capita health care expenditures with respect to age and time:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\frac{{\partial^{2} \overline{Y}_{g} (a,t)}}{\partial a \partial t} > 0.$$\end{document}$$Note that Felder and Werblow \[[@CR5]\] included mortality rates in the function of per capita expenditures, in contradiction with the definition by Bucher and Wasem \[[@CR4]\], as they defined *steepening* in three dimensions (age, per capita expenditures and time). Therefore, in the rest of this section we will ignore the impact of mortalities.

Definition ([2](#Equ2){ref-type=""}) forms the basis of this paper, but results based on both definitions ([1](#Equ1){ref-type=""}) and ([2](#Equ2){ref-type=""}) will be presented later. The reason for focusing on the latter definition is that the definition is more flexible with respect to model specification, and in our view it captures the concept as it was originally formulated by Bucher and Wasem \[[@CR4]\]. A wider discussion on the different definitions of *steepening* will be presented in the methods section.

Felder and Werblow \[[@CR5]\] mention several factors that may lead to *steepening* or reduce the effect of *steepening*. We will give a short summary in the following section. They suggest that *steepening* may arise due to increased "maintenance" costs as length of life increases, or simply as a bias in the technological frontier (more innovations in medical treatments for older people). They also mentioned that, to the contrary, per capita mortality-related expenditures for hospitals are decreasing with age; hence, increased length of life might reduce mortality-related expenditures. This is supported in several studies \[[@CR12]--[@CR14]\]. Felder and Werblow \[[@CR5]\] also suggest that, due to compression of morbidity, the period of illness will be compressed over time, which will in turn reduce the per capita health care expenditures related to older people \[[@CR15]\].

Another paper discussing the reasons for growth in health care expenditures for the elderly is written by Barer et al. \[[@CR11]\]. They discuss the implications of changes in morbidity and mortality and how that might change utilization for health care. Their study is formed around rectangularization of survival curves over time, compression of mortality \[[@CR16]\], and compression of morbidity \[[@CR15]\]. They argue that based on the preferences of society to either accept "natural death" or use all resources possible to reduce morbidity, the compression of mortality and morbidity will influence health care expenditures in different ways. If society accepted "natural death", health care expenditures for the elderly will drop over time, while if society minimizes morbidity it will increase expenditures for elderly.

In summary, the literature on the causes of increased expenditures for the elderly indicates that there might be a technological bias and changes in biological factors (morbidity). With regard to the first, the technological bias is likely to be driven by some underlying mechanisms that are poorly explained by Felder and Werblow \[[@CR5]\]. One reason might be biological changes over time, but there could also be other mechanisms driving *steepening*.

Red herring {#Sec4}
-----------

The *red herring hypothesis* was formulated by Zweifel et al. \[[@CR3]\], and states that health care expenditures are driven by time to death and not age per se. A similar idea had previously been presented by Fuchs \[[@CR17]\]. Zweifel et al. \[[@CR3]\] formulated precisely as:
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The health care expenditures are dependent on quarters to death:$$\documentclass[12pt]{minimal}
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Several studies have tested the *red herring hypothesis* (see, among others, \[[@CR2], [@CR18], [@CR19]\]); i.e., the studies have tested how time to death and age for a sample of the population may explain the observed health care expenditures. Some of the studies reject, while other support, the *red herring hypothesis*.

In the *red herring* debate, several methodological problems have been raised (see. among others. \[[@CR20], [@CR21]\]). The debate is summarized in Häkkinen et al. \[[@CR22]\] by pointing at two econometrical issues: first, multicollinearity between the explanatory variables (age and time to death), and second, endogeneity between health care expenditure and time to death (mortalities). Both these issues will be relevant in the "[Methods](#Sec7){ref-type="sec"}" section in Eqs. [10](#Equ10){ref-type=""}, [11](#Equ11){ref-type=""}, [14](#Equ14){ref-type=""} and [16](#Equ16){ref-type=""}. Gregersen and Godager \[[@CR13]\] apply the same data set as we do in this study, and discuss both these issues in detail. In summary, first, the multicollinearity is of minor importance, as the data set is large; second, the assumption that mortalities are exogenous is not rejected.

The link between steepening and red herring {#Sec5}
-------------------------------------------

By definition, *steepening* is defined in three dimensions (age, time, and per capita health care expenditures) as is the *red herring* (age, time to death and individual health care expenditures). As the dimensions in the terms differ with respect to time and time to death, the link between the terms is not obvious, and both hypotheses may hold at once. Furthermore, when comparing ([2](#Equ2){ref-type=""}) (*steepening*) with ([3](#Equ3){ref-type=""}) and ([4](#Equ4){ref-type=""}) (*red herring*), the definitions of the terms do not contradict or support each other. In summary, we therefore conclude that the terms are independent.

Data {#Sec6}
====

For this study, we have repeated cross-sectional data (pseudo-panel) for all hospital admissions in Norway from 1998 until 2009. The data comes from the Norwegian Patient Registry (NPR). The data was merged with demographic characteristics from Statistics Norway (SSB). The data from NPR provides a complete registry of all hospital admissions in Norway from January 1998 to December 2009. The dataset contains data on somatic in patient care. Registration in NPR is compulsory for all hospitals, and therefore there is no self-selection in the dataset. Each admission to the hospital (hospital stay) is registered as an observation, and it is not possible to track individuals between admissions. The dataset contains five variables; year of birth, gender, year of hospital stay, DRG-points (diagnostic related group) and place of residence of the patient (municipality). Data on the number of inhabitants (N) are given by SSB (Table [1](#Tab1){ref-type="table"}).Table 1Descriptive statistics: expendituresVariableNumber of observationsMeanStd. dev.MinMaxPer capita expenditures by year: $\documentclass[12pt]{minimal}
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In order to get per capita measures, we aggregated the data by grouping the data so the smallest possible cell is defined by a given age ($\documentclass[12pt]{minimal}
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                \begin{document}$$m_{i}$$\end{document}$). The 430 municipalities, 106 ages, 2 genders and years of observation (1998--2009) gave 1,093,920 unique cells that form the dataset our analysis is based on. We index the cells with the index *g* (*g* = 1, 2...,1,093,920).

The per capita expenditure in one cell is:$$\documentclass[12pt]{minimal}
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The per capita hospital expenditures in year (*t*) are defined by:$$\documentclass[12pt]{minimal}
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For the rest of this paper, the expenditure will be measured in Norwegian kroner (NOK), inflation adjusted to 2010 NOK {8 NOK = 1 € \[Norwegian Bank (2010)\]}. In Fig. [1](#Fig1){ref-type="fig"} we present per capita expenditures as a function of age. To explore how expenditures have developed over time for different age groups, we compared the per capita expenditures for the first 6 years with the last 6 years in the dataset. We aggregate the total health care expenditures for each age (*a*) and divide by the number of inhabitants with age (*a*), for each of the two time periods (1998--2003 and 2004--2009). If we denote the start of a period by *t*~1~ and the end by *t*~2~ (for example *t*~1~ = 1998 and *t*~2~ = 2003) the health care expenditures for age (*a*) in Fig. [1](#Fig1){ref-type="fig"} is defined by:$$\documentclass[12pt]{minimal}
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The figure clearly shows that the per capita health care expenditures for the older people and newborns (0 years of age) have increased substantially over time during the period of observation. Except for newborns, the expenditures for older people increased more than for the rest of the population. If newborns are excluded, the figure shows that the expenditures for older people have grown faster than for the rest of the population, consistent with *steepening*.

One reason for the increase in expenditures for newborns may be increased expenditures for premature infants. Both Bratlid and Nordermoen \[[@CR23]\] and Nordermoen and Bratlid \[[@CR24]\] discusses the increases in treatment expenditures for treatment of premature infants in Norway. In summary, they highlight that more premature infants with low birth weight are treated, and advances in technology not only increase the cost of treatment, but also improve the quality of the treatment.

Table [2](#Tab2){ref-type="table"} compares demographic characteristics for the first 6 years (1998--2003) in the data set with the last 6 years (2004--2009). Comparing the two periods, the average annual number of inhabitants has increased from 4.5 million in the first period to 4.7 million in the last period. The total number of decedents does decline over time, comparing the same two periods from 263,627 to 249,902. The mortality rate (number of decedents divided by the total population) for most age groups is falling over time, apart from the age groups containing the individuals aged between 5 and 14.Table 2Descriptive statistics: demographic characteristicsAge2004--20091998--2003Mortality rate 1--mortality rate 2\#DecedentsInhabitantsMortality rate 1\#DecedentsInhabitantsMortality rate 20943351,7910.0026811,146342,7730.003343−0.00071--43591,390,9340.0002585311,420,4610.000374−0.00015--91921,795,1740.0001072311,827,4220.0001260.000010--141861,868,6040.00012221,752,3130.0001270.000015--196071,834,6450.0003317181,591,9940.000451−0.000120--249951,681,5580.0005921,1681,634,2710.000715−0.000125--291,1731,728,3770.0006791,3781,886,4620.00073−0.000130--341,2521,932,6350.0006481,6812,077,0680.000809−0.000235--391,7912,130,1130.0008412,0842,000,6400.001042−0.000240--442,4162,066,6210.00116927731,903,4770.001457−0.000345--493,6991,931,5640.0019154,0491,835,1130.002206−0.000350--545,7411,847,5090.0031076,5051,807,8160.003598−0.000555--598,6171,776,0230.0048528,6901,550,4390.005605−0.000860--6412,5271,586,8270.007894103951,148,6550.00905−0.001265--6914,3421,137,5070.01260814,8331,004,6960.014764−0.002270--7418,734925,2690.02024724,233989,3350.024494−0.004275--7929,838848,2920.03517439,2169412320.041,665−0.006580--8445,382725,6620.06253950,893716,6810.071012−0.008585--8951,417475,0170.1082449,216405,8850.12126−0.013090+49,691244,9420.2028743,665200,8430.21741−0.0145Sum249,90228,279,064263,62727,037,576−0.053386Average sum by year (sum/6)41,6504,713,17743,9384,506,263

Methods; identifying steeping {#Sec7}
=============================

In Buchner and Wasem \[[@CR4]\], three methods are presented with which to identify *steepening*. The first is based on definition (1); using this approach, they find clear evidence of *steepening*. As they state, the clear advantage of this simple method is that it is transparent and easy to replicate. On the other hand it does not investigate changes within the two age groups---the younger and older people. This is closely related to:$$\documentclass[12pt]{minimal}
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Second, they suggest a slightly modified method, using a benchmark age group, and compare the growth of the other age groups relative to the benchmark age group:$$\documentclass[12pt]{minimal}
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Finally, they suggested a model with health care expenditures as an exponential function of age. Buchner and Wasem \[[@CR4]\] only had 20 age groups and two genders, each year for 18 years (20 × 18 × 2 = 720 observations). The data limitations put strong limitations on their regression methods. The methods were later significantly improved by Felder and Werblow \[[@CR5]\]. They had more variation in the data (a larger data set) with 26 regions, both genders, 10 years and 20 age groups, i.e., 10,400 observations. This allowed for a more complex model. They assumed that the health care expenditures are a function of time (*t*) and demographics \[age (*a*), gender (*q*) and mortality rate $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(\phi )$$\end{document}$\]:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{gathered} {\text{Per capita health care expenditure }} \hfill \\ \quad = {\text{Constant}} + \beta *{\text{gender}} + \gamma *{\text{age}} + \theta *{\text{time}} + \kappa *{\text{mortality rate}} + \mu *{\text{age}}*{\text{time}} + {\text{error term}} \hfill \\ \quad \leftrightarrow \hfill \\ \end{gathered}$$\end{document}$$$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\overline{Y}_{g} = \alpha_{{}} + \beta *q_{{}} + \gamma *a + \theta *t + \kappa *\phi_{g} + \mu *a*t + \varepsilon_{g}.$$\end{document}$$

In Eqs. [10](#Equ10){ref-type=""} and [11](#Equ11){ref-type=""},[1](#Fn1){ref-type="fn"}$\documentclass[12pt]{minimal}
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                \begin{document}$$\varepsilon$$\end{document}$ is the error term. In this setting, *steepening* was defined by (2).

Note that Felder and Werblow \[[@CR5]\] argue that hospital expenditures grow exponentially over time. To test if an exponential or linear model applies to our data set, we ran two regressions: first, keeping the dependent variable as a linear function of time, and second, keeping the dependent variable as an exponential function of time:$$\documentclass[12pt]{minimal}
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From Eq. [12](#Equ12){ref-type=""} we see that the *R*^2^ is low in both the exponential and linear model, but slightly higher in the linear model. Based on the result, the difference between the two models is small and both models may apply. However, we choose to apply a linear model due to the slightly higher *R*^2^.
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In the rest of the methods section, we will ignore the impact of changes in mortalities on *steepening*, but we will come back to this issue in the results section.

Further, as stated earlier, Felder and Werblow \[[@CR5]\] only had 20 age groups ($\documentclass[12pt]{minimal}
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                \begin{document}$$d_{z}$$\end{document}$) in their data set, limiting their analysis to 14. As we have more variation in the age variable, we are not forced to keep the same grouping of the regression parameter. However, per capita expenditure is not a linear function of age (see Fig. [1](#Fig1){ref-type="fig"}); therefore, we also treat age as a categorical variable, with 21 groups, respectively. The reasons for keeping age to 21 groups only are twofold. First, it will make the results easier to compare to the methods presented by Felder and Werblow \[[@CR5]\]. Second, if age is treated with one-year age-groups, the number of observations in each group declines, and therefore the precision of each estimate will drop. In summary, as the estimate of interest here is the differences in growth between the young and old, and not the specific growth rate for each age per se, we therefore find the grouping similar to the one found in Felder and Werblow \[[@CR5]\] to be sensible in this analysis:$$\documentclass[12pt]{minimal}
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                \begin{document}$$d_{z}$$\end{document}$ is a dummy for indicating age group (0, 1--4, 5--9, ..., 90+), $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu_{{z \in \{ 1,10\} }}$$\end{document}$ is the benchmark age group, *steepening* is for age group *z* as defined by:
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                \begin{document}$$\mu_{z} - \mu_{{z \in \{ 1,10\} }} > 0$$\end{document}$ for z \> 10, indicating that the growth rate for the elderly is higher than for the young.

*Steepening* within the 50+ age group is defined by $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu_{z + 1} - \mu_{z} > 0$$\end{document}$ for *z* \> 10.

The reasoning for choosing the specific functional form to capture the mortality-related expenditures in Eq. [14](#Equ14){ref-type=""} is poorly described by Felder and Werblow \[[@CR5]\]. From several papers \[[@CR12]--[@CR14]\], it is known that mortality-related health care expenditures are a decreasing function of age. We therefore include the interaction between age and mortalities $\documentclass[12pt]{minimal}
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                \begin{document}$$({\text{age}}*\phi )$$\end{document}$ in our analysis. Furthermore, we cannot find any studies supporting the inclusion of mortalities to the power of two, three and four (*x* = 2, 3, 4). We therefore choose to only include mortality rate to the power of one (*x* = 1). The number of mortalities, due to compression of morbidity, increases for the highest age groups (see Table [2](#Tab2){ref-type="table"}). We would therefore expect, as mortality related expenditures decrease with age, to observe a reduction in the mortality related expenditures over time. To capture the latter effect, we include the interaction between mortalities and time, which we expect to be negative:$$\documentclass[12pt]{minimal}
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Finally, we also include the yearly growth rate for all age groups ($\documentclass[12pt]{minimal}
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                \begin{document}$$\mu_{z}$$\end{document}$, *z* = 0, 1, \..., 20), to identify differences within the young. We are now left with the equation that forms the basis of our analysis:$$\documentclass[12pt]{minimal}
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We note that the error terms in Eqs. [10](#Equ10){ref-type=""}--[16](#Equ16){ref-type=""} are heteroscedastic, due to variation in the size of the cells, $\documentclass[12pt]{minimal}
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                \begin{document}$$N_{g}$$\end{document}$. We therefore weight the regressions by the number of inhabitants in each cell.

Results {#Sec8}
=======

This section will present estimations based on the methods presented in methods section. The share of the per capita health care expenditures used by the elderly (65+) does not increase over time (1998--2009) (Table [3](#Tab3){ref-type="table"}). This holds even though we exclude the newborns. On the contrary, the share used by the younger group is highest in 1998. The estimation based on Eq. [1](#Equ1){ref-type=""}, therefore, does not support *steepening*. When running a regression on Table [3](#Tab3){ref-type="table"}, equivalent to (8), we find a negative and significant effect when including all ages $\documentclass[12pt]{minimal}
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To identify *steepening* in Eqs. [10](#Equ10){ref-type=""}, [11](#Equ11){ref-type=""}, [14](#Equ14){ref-type=""} and [16](#Equ16){ref-type=""}, the magnitude of the changes in mortality over time has to be identified. As discussed in the methods section, mortality rates are decreasing over time, i.e., there is a compression of mortalities (see Table [2](#Tab2){ref-type="table"}). From the regression on ([13](#Equ13){ref-type=""}), we find the effect to be small, significant, and negative ($\documentclass[12pt]{minimal}
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                \begin{document}$$\alpha_{1} = - 0.0000085$$\end{document}$) (see Table [4](#Tab4){ref-type="table"}). To also estimate the effect of changes in mortality rates over time in (14), i.e., mortality rate to the power of 1, 2, 3 and 4, we also included regressions with the mortalities to the power of 2, 3, and 4 as the dependent variable in Table [4](#Tab4){ref-type="table"}.Table 4Results from regression analysis based on Eq. [13](#Equ13){ref-type=""}Dependent variableMortality rate $\documentclass[12pt]{minimal}
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Table [5](#Tab5){ref-type="table"} presents four regressions. The first is based on Eq. [14](#Equ14){ref-type=""} in the "[Methods](#Sec7){ref-type="sec"}" section. As expected, the age coefficient for the younger age group is low (below 25), apart from the 0-year-olds. The age coefficient peaks for the 70--75-year-olds. For the highest age groups, there is a decline compared with the age group 70--75. We may not reject *steepening* in this model based on the analysis:$$\documentclass[12pt]{minimal}
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Within the group of older people (above 50), we find *steepening* for all age groups $\documentclass[12pt]{minimal}
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Second, the regression output based on Eq. [16](#Equ16){ref-type=""} excludes mortalities. In this regression, the 0-year-olds have the highest yearly growth, of 2,700 NOK $\documentclass[12pt]{minimal}
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                \begin{document}$$\left( {\mu_{0} = 2700.4} \right)$$\end{document}$. The second-highest yearly growth is found for the 80--85-year-olds, with 939.4. In comparison, the 5--9-year-olds have a yearly growth rate of 38.12. The annual growth for young individuals (i.e., below age 50) is lower than for those individuals age 50 or greater, that is, apart from the newborns. This does not reject *steepening* if newborns are excluded.

Third, the regression output based on Eq. [16](#Equ16){ref-type=""} is presented, but now including the effect of mortalities, while excluding the interaction between time and mortalities. As expected, the effect of mortalities is positive, and as expected the mortality related cost is a decreasing function of age. Also, the age effect is slightly reduced here for each age group, implying that part of the expenditures for each age group is generated by mortalities. Especially for the highest age groups, there is a decline from a model excluding mortalities. The yearly growth rate for the different age groups are similar to the previous (second) results presented, and the same interpretation regarding *steepening* applies.

Finally, the results from running a regression on Eq. [16](#Equ16){ref-type=""} both including the effect of the interaction of mortalities and time are presented. When the interaction of time and mortalities are included, the yearly growth rate is declining for all age groups, apart from the 1--4 group. The yearly growth for the 90+ was 976.4; after the inclusion of the interaction term it became 548.5, implying that part of the growth for the highest age groups is caused by increased mortality related costs over time $\documentclass[12pt]{minimal}
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To summarize the results in Table [5](#Tab5){ref-type="table"}, the first regression does not reject *steepening* (based on Eq. [14](#Equ14){ref-type=""}). In the following three regressions presented (based on Eq. [16](#Equ16){ref-type=""}), we can also not reject *steepening* if excluding individuals below age 1.

Conclusion and discussion {#Sec9}
=========================

The first part of this paper clarified the connection between *steepening* and the *red herring hypothesis*. We concluded that the terms are independent. Furthermore, the data applied in this study is insufficient to test the *red herring hypothesis*. The reason for the data "insufficiency" is that the data do not contain information on time-to-death at the individual level. Therefore, the data may not reject the hypothesis as formulated by Zweifel et al. \[[@CR3]\], i.e. (3) and (4).

The first part of this paper continued with summarizing causes mentioned in the literature that may induce *steepening*. In summary, the literature is limited and points at biological and technological factors.

The second part of this paper was to test *steepening*. *Steepening* was defined by Buchner and Wasem \[[@CR4]\] in three dimensions: time, age and per capita health care expenditures. In these dimensions, the term states that health care expenditures should grow faster for older people than the rest of the population. In these dimensions, we find evidence of *steepening* with the exception of the 0-year-olds, i.e., Eq. [16](#Equ16){ref-type=""}, excluding mortalities. The method is similar to the method found in Felder and Werblow \[[@CR5]\]. When using definitions (1) and (8), similar to the methods suggested by Buchner and Wasem \[[@CR4]\], we find no evidence of *steepening*, including all ages. However, when excluding the individuals aged zero, we find a non-significant effect in (8) in favour of *steepening*. Our results are not directly comparable to Buchner and Wasem \[[@CR4]\], as they only included individuals between 30 and 70 years of age in their study. Regardless of the age limits used, the latter model has little flexibility within the age groups (young and older), as there is only one dummy for each group. From Fig. [1](#Fig1){ref-type="fig"}, it is clear that per capita health care expenditures is not a linear function of age, and a model allowing for more variation is more appropriate. Overall, we therefore find the results based on Eq. [16](#Equ16){ref-type=""}, excluding mortalities, to be more reliable.

The second step in our empirical estimations was then to estimate what factors may drive the *steepening* effect. From several studies, among them Zweifel et al. \[[@CR3]\] and Seshamani and Gray \[[@CR25]\], mortalities are an important driver of health care expenditures. We would therefore expect the effect of *steepening* to be reduced in Eq. [16](#Equ16){ref-type=""}, including mortalities. In Table [5](#Tab5){ref-type="table"}, it is shown that such a decrease does not occur. However, when including the interaction between mortalities and time, the *steepening* effect strongly declines, i.e., part of the *steepening* effect is driven by increased mortality-related expenditures over time.

Several implications follow from the results. First, as shown in several other studies (see, among others, \[[@CR12], [@CR26]\]) both mortality and age contribute to health care expenditures. Second, per capita health care expenditures are biased towards older individuals over time. Per capita health care expenditures for infants are increasing more than for the rest of the younger population. Third, if the observed trend continues, expenditures for older individuals are likely to increase substantially in the future (both due to increased expenditures towards elderly in general and increased expenditures for decedents \[based on Table [5](#Tab5){ref-type="table"}, last regression\]). However, the implication of the results with regard to predictions of future health care expenditures should be interpreted with care until to the mechanisms that drive *steepening* are detected.

The only health care service included in this study is inpatient in somatic hospitals; this is a limitation to this study. If there is a substitution effect between different health care services, excluding other services could potentially lead to biased results. It may be plausible that *steepening* is observed for inpatients, but the opposite effect is observed in other health care services. Additional research should therefore take place in other parts of the health care sector in order to confirm *steepening* outside inpatient care.

The use of DRG-cost weights to measure expenditure enables the study to investigate costs for different age and gender groups over time. There are, however, some limitations associated with using DRGs as a proxy for costs. DRG-cost weights are the expected cost of a treatment for the average patient and not the actual cost. As mentioned by Melberg et al. \[[@CR12]\], elderly individuals have poorer health than the average patient, and the cost for this group might therefore be underestimated. Conversely, for other healthier groups, the use of DRG-weights may have overestimated actual costs.

In summary, our results clearly do not reject *steepening* in per capita health care expenditures over time for the 50+ age group, with the exception of 0-year-olds. Mortality-related expenditures also increase over time, and the effect of *steepening* is reduced when this effect is taken into account.

Note that g denotes a cell in the data set applied in this study, characterized by age, gender, time and municipality.
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